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Abstract 
 
Background: To increase HPV-vaccination uptake and informed decision making (IDM), an 
online tailored intervention was made for mothers of invited girls. This study addresses the 
process evaluation of this intervention by analyzing the participants’ exposure to the 
intervention and its effect on HPV-vaccination uptake, intention and IDM. 
 
Methods: A total of 3,995 mothers were invited to visit the online tailored intervention and 
2,509 actually participated. Exposure was measured by registering how many pages were 
visited (completeness) and the total time spent online. Exposure to the specific program 
components was compared between women with different intentions regarding the HPV-
vaccination (positive/hesitant/negative). Multiple linear and logistic regression analyses were 
used to measure the effects of exposure on HPV-vaccination uptake, intention and IDM. 
 
Results: Mothers who logged in spend an average of 21 minutes (SD= 12) on the website 
with a mean completeness of 46.4% (SD= 24.2). Mothers with a hesitant intention had a 
significantly higher overall completeness (48.8%, SD= 24.2) than mothers with a positive or 
negative intention (p <.05). Completeness had a significant positive effect on HPV-
vaccination uptake (B = .001, p <.01), led to a better process of IDM (B = .012, p <.01), 
improved dichotomous IDM outcome (B = .015, p <.01), continuous IDM outcome (B = .096, 
p <.01) and increased vaccination intention (B = .005, p <.01). Time spent on the website had 
a significant positive effect on process of IDM (B = .012, p <.01), dichotomous IDM 
outcome (B = .018, p <.01) and continuous IDM outcome (B = .100, p <.01). 
 
Conclusions: Exposure to the online tailored intervention has a positive effect on HPV-
vaccination uptake, HPV-vaccination intention and IDM. Furthermore, exposure is 
significantly higher for mothers who are hesitant towards the HPV-vaccination. More 
research into reporting and enhancing intervention exposure is highly recommended. 
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Introduction 
 
In 2009, the Human Papillomavirus (HPV)-vaccination was introduced in the 
Netherlands for 12-year-old girls. HPV is the most common sexually transmitted infection 
among young women, and persistent HPV infection is the main cause of cervical cancer 
(Gezondheidsraad, 2008). Worldwide, cervical cancer is the second cause of mortality among 
women (Parkin, 2006). Every year 600 new cases of cervical cancer are diagnosed in the 
Netherlands, from which 200 patients eventually die (Gezondheidsraad, 2008), despite the 
implementation of a cervical cancer screening program for women aged 30-60 since 1996 
(Braspenning et al., 2001). The Dutch Health Council estimated that the vaccination could 
reduce the number of cervical cancer cases by 50%. The HPV vaccine uptake, however, has 
been lower (61%) than expected (70%; Van Lier et al., 2016). Participation rates for 
childhood vaccinations through the National Immunization Program (NIP) usually reach 95%. 
Dutch 12-year-old girls are legally allowed to independently make the decision 
whether or not to get a vaccine, but according to research, mothers play the most important 
role in their daughters’ HPV vaccination decision, followed by fathers (Van Keulen, Fekkes 
& Paulussen, 2010). Moreover, a large percentage of mothers and daughters agreed on the 
vaccination issue, and discrepant opinions between the mother and the father hardly existed 
(Van Keulen et al., 2010). However, 50% of the mothers do not actively process detailed 
information about the HPV-vaccination and 25% still felt ambivalent after making their final 
decision (Van Keulen et al., 2013). Therefore, supporting mothers in making an informed 
decision about the HPV-vaccination of their daughter is important, as it helps reduce 
ambivalence and decreases susceptibility to counterarguments (Paulussen, Hoekstra, Lanting, 
Buijs & Hirasing, 2006). An informed decision can be defined as a decision that is based on 
sufficient knowledge, consistent with the decision-maker’s attitudes and behaviorally 
implemented (O’Conner & O’Brien-Pallas, 1989). 
To increase HPV-vaccination uptake and informed decision making (IDM), an online 
tailored intervention about the HPV-vaccination was developed, using the Intervention 
Mapping Protocol as a framework (Bartholomew, Parcel, Kok, Gottlieb & Fernández, 2016). 
The added value of this project is to provide insight into the effects of such interactive 
tailored intervention on HPV-vaccination decision making. The tailored intervention focuses 
primarily on the mothers. 
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The online tailored intervention consists of a website providing tailored feedback, 
guided by two virtual assistants. Tailoring is defined as “any combination of information or 
change strategies intended to reach one specific person, based on characteristics that are 
unique to that person, related to the outcome of interest, and have been derived from an 
individual assessment” (Kreuter & Skinner, 2000, p. 1). In computer-tailored interventions, 
the computer is used to generate the individualized feedback. Because computer tailoring is 
not delivered by a real life person, the strategy is suitable for reaching large groups of people 
(Neville et al., 2009). Consequently, computer-tailored feedback can have a substantial 
impact at the population level (Noar et al., 2007). Research shows that computer tailoring can 
be an effective technique for supporting health-related changes (Krebs, Prochaska & Rossi, 
2010). Also, tailored information is more likely to result in stable attitudes and behavior 
change than generic information (Petty & Cacioppo, 1981) because it improves exposure and 
information processing, is better appreciated, and more likely to be read and experienced as 
personally relevant (Brug, Oenema, & Campbell, 2003; Ruiter, Kessels, Jansma & Brug, 
2006).  
Mothers indicated their preference for personal interaction over and above the usually 
applied general approach, so their individual needs concerning the amount and scope of 
information could be met (Van Keulen et al., 2010). Therefore, the online tailored 
intervention uses feedback that is tailored to the mother’s responses and gives them freedom 
to choose which components of the intervention they consider relevant to their individual 
needs. 
This tailored feedback is delivered by two virtual assistants, because this already 
showed to be effective in the field of stress management and health-related self-management 
(Jin, 2010; Blanson Henkemans 2008; 2009). The virtual assistant is an example of an 
embodied conversational agent, which can be defined as a computer program with a human-
like visual make-up and appearance on a computer screen (Van Vugt, 2008). The added value 
of using an avatar over a text and picture-based website is that it improves recall of presented 
information (Beun et al., 2003), transfer of learning (Atkinson, 2002), the amount of learning 
(Baylor, 2009), self-efficacy expectations, literacy and behavior change (Jin, 2010; Blanson 
Henkemans et al., 2008; Blanson Henkemans et al., 2009). The visual presence of the agent is 
critical; a voice alone (human or machine generated) with the same persuasive message is not 
sufficient (Rosenberg-Kima et al., 2007). Moreover, embodied agents can be designed to 
provide social influence as a virtual ‘role-model’. People tend to be more influenced by an 
avatar with whom they can identify as part of their in-group (Baylor & Kim, 2004). Therefore, 
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the first virtual assistant is a mother-like avatar called “Petra” and she guides mothers through 
the online tailored intervention. She also provides feedback on the decisional balance wherein 
mothers can weigh up their personal advantages and disadvantages regarding the HPV-
vaccination. The second virtual assistant looks like a medical doctor and is called “Doctor de 
Vries”. This assistant delivers tailored feedback based on the mothers’ knowledge, answers to 
questions, and opinions or statements regarding the HPV-vaccination. These two virtual 
assistants where chosen because the combined use of an expert and a peer virtual assistant 
has shown to be effective in previous studies (Durantini et al., 2006; Hopfer, 2012). 
When successful, the online tailored intervention will suit the needs and interests of 
individual mothers and their daughters, as well as the need for cost-saving public health 
interventions by efficiently providing easily accessible and personal feedback. To evaluate 
the implementation of the intervention, this study will address the process evaluation of the 
online tailored intervention.  
Process evaluation plays an important part in understanding the effectivity of complex 
interventions, as it provides insights into why an intervention is successful or not (Moore et 
al., 2014). These insights can help optimize future interventions or help to apply the same 
intervention in different settings, by uncovering the underlying working mechanisms of the 
intervention. Therefore, intervention evaluations should combine outcomes and process 
evaluation, as the process evaluation can be used to interpret the outcomes. The outcome 
evaluation of this online tailored intervention was addressed in another study (Pot et al., 
under review). 
Process evaluation can be used to “assess fidelity and quality of implementation, 
clarify causal mechanisms and identify contextual factors associated with variation in 
outcomes” (Craig et al., 2008, p. 337). Fidelity of the implementation refers to whether the 
intervention was delivered as intended. Program adherence is one of the main factors that 
influence implementation fidelity (Carroll et al., 2007). This applies to many eHealth 
applications as they struggle with the problem of limited use, and thus how well they can 
evaluate the intervention effects on their target population (Eysenback, 2005). Therefore, this 
study will assess the program adherence of the participants by measuring their exposure to 
the website’s components.  
To this day, there is no uniform method to examine exposure to internet-delivered 
health interventions. Unfortunately, most studies do not report the participants’ exposure to 
the online intervention at all, therefore missing an important opportunity to examine the 
effects of exposure on the intervention outcomes. Danaher and colleagues (2006) also pointed 
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out that no single, universally accepted measure for exposure exists. Therefore they identified 
a number of ways in which exposure in Web-based health behavior change programs may be 
determined. This included the number of visits to the website, the duration of those visits, and 
the number and types of pages viewed. A review by Brouwer and colleagues (2011) shows 
that common objective exposure outcome measures in internet-delivered healthy lifestyle 
promotion interventions are: frequency of visits to the intervention, the number of visitors 
that access the program content, the number of pages visited, the completion of the whole 
intervention, and the duration of visits in minutes. Therefore, this study will use these 
objective measures to examine the exposure to the online tailored intervention, by reporting 
the number of visitors of the intervention, how many times they visited, the amount of pages 
they viewed, which components they viewed, and how much time they spent logged in. 
The online tailored intervention has already shown to have varying effects on mothers 
with different vaccination intentions (Pot et al., under review). The intervention had more 
positive effects on intention and relative effectiveness for mothers who had a negative 
intention, compared to mothers who were still hesitating whether to get the vaccination or not. 
For mothers with a negative intention, the intervention also showed more positive effects on 
attitude and subjective norms compared to mothers with a positive intention to vaccinate. For 
mothers who were in doubt, the intervention had more positive effects on decisional conflict 
compared to mothers who had a negative intention. Therefore, this study will also look into 
the difference in exposure between intention groups to identify if intention is a factor 
associated with variation in outcomes concerning website exposure.  
Lastly, to clarify causal mechanisms, the influence of exposure (i.e., completeness of 
the intervention and the total amount of time logged into the online tailored intervention) will 
be examined on IDM, vaccination intention and HPV-vaccine uptake. 
IDM can be evaluated in two different ways. First, one can evaluate the quality of the 
outcome of the IDM. A good quality refers to a decision that is (1) based on all the relevant 
and good quality knowledge information on the health options and (2) in concordance with 
the decision-maker’s values (Marteau, Dormandy, & Michie, 2001). Secondly, one can 
evaluate the quality of the process of the IDM. This reflects the extent to which the decision 
maker recognizes that a decision needs to be made, feels informed about the options, is clear 
about which options matter most to them, and acts accordingly (Sepucha et al., 2013).  
This results in the following research questions: (1) To what extent are mothers 
exposed to the planned intervention and its components, (2) is there a difference in exposure 
between baseline intention groups among women who used the website and (3) what is the 
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effect of exposure (completeness and time) on vaccination uptake (primary outcome), IDM 
and intention (secondary outcomes)? 
The hypothesis is that mothers who are still hesitant or negative towards the 
intervention will get more exposure to the online tailored intervention compared to mothers 
with a positive intention, since the outcome study (Pot et al, under review) shows that the 
intervention had more positive effects on mothers with a negative or hesitant intention. The 
expectation is that more exposure to the intervention components is likely to result in more 
informed decision making, improve vaccination uptake and vaccination intention, for which 
the intervention was designed to achieve.  
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Methods  
Design 
A randomized controlled trial was conducted to evaluate effects of the online tailored 
feedback about the HPV-vaccination. Participants in the intervention condition received an 
invitation to visit the online tailored feedback about the HPV-vaccination. Participants in 
both the control group and the intervention group were provided the standard information 
given by the National Institute for Public Health and Environment (RIVM), which consisted 
of an information pamphlet and the RIVM website with information about the HPV 
vaccination. While visiting the online tailored intervention, website logs registered the 
participants’ routing in the program. The logs registered which pages of the website the 
participants visited whenever they logged in and the amount of time they spent on the website. 
The effects of the intervention on HPV-vaccination uptake (the primary outcome) were 
assessed objectively by using the HPV-vaccination status as registered in Praeventis. The 
effects on secondary outcomes were examined by two online surveys, which were both 
conducted before the actual HPV-vaccinations. The first survey was conducted at baseline in 
January 2015, while the second survey took place two months after baseline, just before girls 
received their first invitation for the HPV-vaccination. 
The study was approved by the METc, the ethical committee of the VUmc (Dutch 
Trial Register NTR4935). 
 
Participants 
A total of 3,995 mothers met the inclusion criteria (i.e., female, aged 24-62 years, and 
having a daughter born in 2002) and were invited to log into the online tailored intervention. 
Mothers with daughters who were born in 2002 were invited to participate, as these girls were 
eligible for the vaccination rounds in 2015. The final sample of the control and intervention 
group consisted of 8,062 mothers, but this study will only focus on the intervention group (N 
= 3,995). 
Participants were recruited by e-mail via internet panels, and by postal mail via 
Praeventis, the Dutch vaccination register hosted by RIVM. The internet panels Veldkamp 
BV, Intromarkt GFK and NGO FlyCatcher were used, as they had shown a high response rate 
in earlier research on the determinants of the HPV-vaccination (Van Keulen et al., 2013). 
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Procedure 
In January 2015 the invitations for the baseline survey were sent to the participants, 
which contained information about the study and a log-in code to enter the pre-test and 
follow-up survey. Participants in the intervention condition could also use their log-in code to 
enter the HPV intervention website. Before participants were given access to the survey, they 
had to sign the informed consent explaining the assurance of their privacy, the confidentiality 
of their responses, and the possibility to withdraw at any time. A reminder was sent to all 
participants two weeks after the baseline survey to increase response rates. 
 Two weeks after the reminder, the intervention group received an e-mail with the 
invitation to visit the online tailored intervention. Participants in the intervention condition 
could visit the website multiple times. 
 One week after the invitation to visit the HPV intervention website, a reminder was 
sent to the participants in the intervention condition. Two weeks after the invitation to visit 
the website, the follow-up survey was e-mailed to all participants and a reminder for the 
follow-up survey was sent one week after that. 
 
Intervention 
 The online tailored intervention consisted of a website that provided mothers with 
tailored, interactive feedback from two virtual assistants. Apart from tailoring, other methods 
of behavior change were incorporated as well, such as consciousness raising, belief selection 
and active learning. 
Participants were provided with tailored feedback in four different ways. Firstly, they 
received feedback that was tailored based on their answers to statements and questions on 
specific themes concerning the HPV-vaccination. For example, mothers were asked how they 
perceived the chance of their daughter getting an HPV-infection. Participants who estimated 
this chance to be very low were provided with feedback stating that the chance is actually 
rather high. The feedback always contained supporting facts and links to the sources of the 
given information. If the mother estimated the chance to be high, she received feedback that 
confirmed this statement. 
Secondly, participants were given the opportunity to weigh up their personal values 
regarding the HPV-vaccination by using a decisional balance. Mothers could indicate their 
different personal values and also rank their importance. Based on their answers, the balance 
would indicate their current position regarding the HPV-vaccination on a scale ranging 
between wanting and not wanting to get their daughter vaccinated.  
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Thirdly, participants could use a ‘value clarification tool’ to help them figure out their 
personal values regarding the vaccination. In this tool, mothers could list their central values 
for life in general and were then asked to link these values to the HPV-vaccination. Their 
individual responses were converted to feedback messages by means of computer software 
using if-then algorithms. 
Fourthly, tailoring was used to help the mothers navigate through the online tailored 
intervention, by keeping track of which components they had already visited and changing 
the color of the completed components. The mother-like virtual assistant also pointed the 
participants to parts of the intervention that they had not visited yet. 
 
Measurements 
Exposure to the online tailored intervention:  
Exposure was assessed by logs registering the participant’s routing in the program. 
The logs registered which pages of the online tailored intervention the participants visited 
whenever they logged in and the amount of time they spent on the website. The intervention 
consisted of multiple components that participants could explore. See Figure 1: 
 
General Information provided participants with general information about the HPV-
infection, cervical cancer and the vaccination. 
Ways to Protect Against Cervical Cancer asked participants to estimate how 
effective other factors (like having safe sex and living healthy) were when it comes to 
preventing cervical cancer. They were given tailored feedback accordingly. 
Chance encouraged the participants to estimate the chance of their daughter getting 
an HPV-infection or cervical cancer and provided them with tailored feedback after they gave 
their answer. 
From HPV to Cervical Cancer explained how an HPV-infection can develop into 
cervical cancer for example by an educational video. 
Age challenged mothers to think about whether their daughter is of appropriate age to 
get vaccinated. After they had given their answer, they were provided with tailored feedback 
and information about the importance of getting the vaccine at a young age. It also informed 
about the significance of sexual activity in relation to the HPV-vaccination. 
 
11 
 
Figure 1. Screenshot of the online tailored intervention, showing the different components of 
information the participants can explore.
 
 
Side Effects let mothers think about whether a variety of side effects are scientifically 
proven or not. They were provided with tailored feedback, stating the correct responses. 
Effectivity asked participants what they think the effect will be of the HPV-
vaccination, regarding the chances of their daughter getting an HPV-infection and cervical 
cancer. Their response if followed by tailored feedback that states the effects of the 
vaccination.  
Other Mothers let participants indicate what they think most mothers in their direct 
environment will decide regarding their daughter’s vaccination. This component then gave 
them tailored feedback and showed the actual vaccination uptake in different regions of the 
Netherlands in 2014. 
Vaccine Working Mechanisms explained in a generic way how the HPV-
vaccination works with an educational video. 
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Facts and Stories provided the participant with multiple statements about specific 
themes regarding the HPV-infection. Mothers could indicate whether they think these 
statements are true or false and received tailored feedback accordingly. 
Weighing Pros/Cons gave mothers the opportunity to weigh up their personal values 
regarding the HPV-vaccination by using a decisional balance. In this component, mothers 
were presented with a list of pros and cons of the HPV-vaccination by the mother-like virtual 
assistant. For each pro or con, they could indicate whether they agreed and how important the 
pro or con was to them. For each answer they gave, tailored feedback would pop-up and the 
scale would move either to “wanting the HPV-vaccination” or “not wanting the HPV-
vaccination”. See Figure 2: 
 
Figure 2. Screenshot of the decisional balance with a tailored pop-up and the mother-like 
virtual assistant on the website. 
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Values Clarification helped participants to list their central values for life in general 
and link these values to the HPV-vaccination. This part is accessible in the component 
“Weighing Pros/Cons”. 
Practical Information provided mothers with information such as how and where to 
receive the HPV-vaccination and gave them tips about how they could talk with their 
daughter and partner about the vaccination. 
Frequently Asked Questions included answers to questions about the HPV-
vaccination and where to get it. It also provided solutions for users who were having 
problems with the website (not being able to hear the virtual assistant, for example). 
 
The logs provided information on whether the different components had been visited, 
how many participants had visited each component, and how many had seen each component 
completely. A component was marked as ‘completed’ when all pages were viewed by the 
participant. ‘Partly visited’ means a participant has seen some pages, but has not completed 
the entire component. When the participant had not seen any of the pages of the component, 
it was marked as ‘not visited’. These three categories (completed/partly visited/not visited) 
were used to assess how well the different components were visited and to provide insight on 
which components participants considered interesting or not. However, to evaluate the effects 
on IDM, intention and vaccination uptake, completeness was measured by percentage.  
Completeness is the total percentage of pages that a participant has visited while 
logged into the website. A completeness of 100% indicates that all pages of a component 
have been visited by the participant, while a completeness of 0% means none of the 
component’s webpages have been visited. Completeness is calculated by dividing the number 
of visited pages by the total number of pages. A component is marked as ‘completed’ when 
100% of the pages are viewed by a participant. All components were taken in account to 
calculate the total completeness of the online tailored intervention, except “Frequently Asked 
Questions” because we could not determine which specific questions participants had shown 
interest in. In-depth information that was offered in some of the components was also part of 
total completeness, so in-depth information had to be visited in order to get a 100% 
completeness. 
Time is the total amount of time participants spent logged into the online tailored 
intervention. Time was calculated by subtracting the latest login time with the earliest login 
time of each session. If participants had logged in multiple times, the total time of every 
session was added to calculate the total amount of time spent on the website. The amount of 
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time the participants spent on each of the individual components was not measured, only the 
total amount of time they spent logged in. Participants in the intervention group that didn’t 
log in on the online tailored intervention were given a score of ‘0’ in total amount of time 
spend online.  
 
Primary outcome: 
HPV-vaccine uptake was assessed using the data on the HPV-vaccination behavior 
regarding both injections from the Praeventis Register (the National Immunization Register). 
Participants had to give their permission at the start of this study, so their data could be 
acquired from Praeventis regarding their vaccination behavior. Each participant’s HPV-
vaccination status was then linked to a unique responded number by RIVM. Vaccination 
status was defined as ‘1’ when the participant had received one HPV-injection or ‘2’ when 
the participant had received both HPV-injections. When a participant had received no HPV-
vaccination, their status was defined as ‘0’. HPV-vaccination status was dichotomized into 
having received no HPV-injection (0 = not vaccinated) or having received one or two HPV-
injections (1= vaccinated), since these two groups had the largest contrast in the determinants 
of HPV-vaccination. 
 
Secondary outcomes: 
 HPV-vaccination intention was assessed by two self-report items on a 7-point Likert 
scale. The scale ranged from 1 as a negative intention to 7 as a positive intention towards the 
HPV-vaccination. Table 1 gives an overview of the items, their answer options and the 
Cronbach’s alpha. To examine the difference in exposure, baseline intention was divided in 
three subgroups: (1) mothers with a negative intention (scores below half a standard deviation 
below the centered mean score of intention at baseline), (2) mothers who were hesitating 
(scores between half a standard deviation below and above the centered mean of intention at 
baseline), and (3) mothers with a positive intention (scores more than half a standard 
deviation above the centered mean score). 
Outcome of IDM (dichotomous) was measured with the Multi-dimensional Measure 
of Informed Choice (MMIC; et al., 2001). The MMIC assesses the behavior as well as its 
determinants knowledge and attitude. The scores of these variables were rescaled to range 
from 1 to 10, with 1 as a negative score and 10 as a positive score (Van Agt, Schoonen, 
Fracheboud, & de Koning, 2012; Van der Pal, Otten & Detmar, 2010).  
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The outcome of IDM is classified as an informed decision when it consists of (1) 
sufficient knowledge, a positive attitude and a corresponding behavior to get the HPV-
vaccination or (2) sufficient knowledge, a negative attitude and a corresponding behavior to 
not get the HPV-vaccination (Marteau et al., 2001). Therefore, to be classified as an informed 
decision, the knowledge score had to be higher if equal to the mean of the knowledge at 
baseline. A participant’s attitude can be either negative or positive, as long as this attitude 
leads to corresponding vaccination behavior, to be classified as an informed decision. This 
means an informed decision has been made when either: 
1. The knowledge score was higher or equal to the mean of knowledge at baseline, the 
attitude score was higher than 4, and one or two HPV-vaccinations have been 
received, 
or 
2. The knowledge score was higher or equal to the mean of knowledge at baseline, the 
attitude score was lower than 4, and no HPV-vaccination has been received.  
Any other combination was categorized as an uninformed decision. 
The mean score at baseline was used as a reference point to determine whether participants 
had enough knowledge to make an informed decision. Scores above the mean baseline were 
considered as sufficient knowledge, while scores below the mean were considered 
insufficient knowledge to make an informed decision. Therefore, the outcome of IDM could 
only be classified as an informed decision at baseline when the knowledge score at baseline 
was higher than the mean knowledge score of all participants. 
Knowledge was assessed using eight self-report items on a 3-point scale with ‘true’, 
‘false’ and ‘I don’t know’ as labels. For a correct answer on an item, a score of 1 was given, 
for an incorrect answer, a score of -1 was given and for ‘I don’t know’, a score of 0 was given. 
The scores added up to a score on the knowledge scale ranging from -8 to 8. An example of 
an item is “The HPV vaccination fully protects against cervical cancer”. 
Attitude was assessed by four self-report items on a 7-point Likert scale (Paulussen, 
Lanting, Buijs, & Hirasing, 2000). The scale ranges from 1 as a negative score (having a 
negative attitude) to 7 as a positive score (having a positive attitude). An example of an item 
is “Vaccinating my daughter against HPV is… 1 = very undesirable to 7 = very desirable”. 
Outcome of IDM (continuous) was measured by assessing a combination of 
knowledge and level of consistency. Level of consistency was determined by comparing the 
attitude and the vaccination uptake. First, attitude was recoded from 1 to 7 to -3 (negative 
attitude) and 3 (positive attitude). HPV-vaccination uptake was also recoded from 0  to -1 (no 
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injection) and 1 to 1 (1 or 2 injections). Level of consistency is then measured by multiplying 
the scores for attitude by the scores for HPV-uptake (-3 = low consistency and 3 = high 
consistency). Consistency is then recoded into 0 (low consistency) to 6 (high consistency). 
Both consistency and sufficient knowledge are necessary for an informed decision. 
Knowledge scores (-8 = low; 8 = high) lower or equal to zero are considered as having no 
knowledge at all (0 = no knowledge; 8 = high knowledge). The mean of all knowledge scores 
above zero was used as the minimal score for sufficient knowledge. Lastly, the level of IDM 
outcome (continuous) is determined by multiplying the scores for knowledge with those for 
consistency. This scale ranges from 0 (not/least informed decision) to 48 (most informed 
decision). 
The process of IDM was assessed by the subscale ‘Informed Choice’ of the Decision 
Evaluation Scales (DES; α = 0.88; Stalmeier et al., 2005). The DES are a self-report measure. 
The ‘Informed Choice’ subscale of the DES contains five items and their scale ranges from 1 
as a negative (low quality of the process of IDM) score to 7 as a positive score (high quality 
of the process of IDM). An example of an item is “I know the pros and cons of getting the 
HPV vaccination or not getting the HPV vaccination”. A score of 1 means “I completely 
disagree” and a score of 7 means “I completely agree”. The mean of these items makes the 
total score for process of IDM. See table 1 for an overview of primary and secondary 
outcome measures. 
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Table 1. An overview of the primary and secondary outcome measures. 
 
Measure Item Answer 
Options 
Scale 
(minimum to 
maximum 
value) 
Number 
of items 
Cronbach’s 
alpha (α) or 
Pearson’s r 
(r) 2 
Reference 
HPV-vaccination 
uptake 
Uptake of the HPV-
vaccination is 
obtained through 
data from 
Praeventis. 
0 = 0 injections 
1 = 1 or 2 
injections 
n/a n/a n/a  
IDM outcome 
(dichotomous) 
An informed 
decision has been 
made when: 
- the knowledge 
score was higher or 
equal to the mean of 
knowledge at 
baseline, the attitude 
score was higher 
than 4 and one or 
two HPV- 
vaccinations have 
been received. 
- the knowledge 
score higher or 
equal to the mean of 
knowledge at 
baseline, the attitude 
score was lower 
than 4 and no HPV- 
vaccination has been 
received.  
Any other 
combination was 
categorized as an 
uninformed 
decision. 
0 = no 
informed 
decision 
1 = informed 
decision 
n/a n/a n/a Marteau, 
Dormandy & 
Michie (2001); 
Michie, 
Dormandy & 
Marteau 
(2002) 
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IDM outcome 
(continuous) 
Attitude was 
recoded from 0-7 to 
-3 (negative) – 3 
(positive attitude) 
and HPV-uptake 
was recoded from 0 
or 1 to -1 (no 
injection) or 1 (1 or 
2 injections).   
Level of consistency 
was measured by 
multiplying the 
scores for attitude 
by those for HPV-
uptake (-3 = low 
consistency; 3 = 
high consistency). 
Consistency was 
then recoded into 0 
(low) to 6 (high). 
Both consistency 
and sufficient 
knowledge were 
considered 
prerequisite for an 
informed decision. 
Knowledge scores (-
8 = low; 8 = high) 
lower or equal to 
zero were 
considered 
insufficient (0 = no 
insufficient 
knowledge; 8 = high 
knowledge).  
The level of IDM 
outcome was 
determined by 
multiplying the 
scores for 
knowledge with 
those for 
consistency. 
 0 = not/ least 
informed 
decision 
to 48 = most 
informed 
decision 
n/a n/a Marteau, 
Dormandy & 
Michie (2001); 
Michie, 
Dormandy & 
Marteau 
(2002) 
Process of 
Informed 
Decision Making 
 1 = completely 
disagree to 7 = 
completely 
agree 
1 = negative to 
7 = positive 
5 0.88 (α) Stalmeier et al. 
(2004) 
 I can make a well 
informed decision 
     
 I know the pros and 
cons of getting the 
HPV vaccination or 
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not getting the HPV 
vaccination 
 I am content with 
what I know now 
about the HPV 
vaccination 
     
 I want a clearer 
advice 
     
 I want more 
information about 
the decision. 
     
 
Knowledgea 
 -1 = incorrect 
0 = don’t know 
1 = correct 
- 8 = incorrect 
8 = correct 
8 n/a  
 - HPV is sexually 
transmittable; 
     
 - HPV is a virus;      
 - The HPV 
vaccination fully 
protects against 
cervical cancer 
     
 - Only women are 
affected by HPV; 
     
 - Condoms fully 
protect against HPV 
     
 - My daughter is 
obliged to get the 
HPV vaccination 
when she is invited; 
     
 - You will always 
notice when you are 
infected by HPV; 
     
 Women who 
received the HPV 
vaccination 
are still advised to 
participate in the 
cervical 
cancer screening in 
the Netherlands; 
     
Attitude   1 = negative to 
7 = positive 
4 
  
0.98 (α) Paulussen, 
Lanting, Buijs, 
Hirasing 
(2000) 
 Vaccinating my 
daughter against 
HPV is… 
1 = very 
undesirable tot 
7 = very 
desirable; 
    
  1 = very bad 
to 7 = very 
good; 
    
  1 = very     
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Notes. n/a = not applicable; Scores on scaled items showed sufficient internal consistency (α > 0.88) 
and were therefore summed into one scale; Cronbach’s alpha was used for scales consisting of more 
than 2 items, whereas Pearson’s r was used for scales consisting of 2 items; a) Knowledge is not a 
scale because the answer on one item does not predict the answer on the other items; the items were 
summed up to present a sum score of knowledge.  
 
Response rates and attrition 
A flow diagram of the recruitment and response of study participants is shown in 
Figure 3. A total of 36,000 mothers of eligible daughters were invited via Praeventis and 
2,483 were available via the panels. From the 9,124 participants who were randomized at 
baseline, a total of 8,593 participants completed the questionnaire. A total of 4,678 mothers 
also completed the follow-up questionnaire 8 weeks later.  
 
Statistical Analyses 
Drop-out analyses will be done to establish if the mothers who dropped out differed 
significantly from the mothers who completed the questionnaires. Exposure will be examined 
by descriptive analyses. The differences in exposure, namely the total amount of time and 
completed components, between the three intention groups will be compared through 
ANOVA. These intention groups are divided according to their baseline intention and 
categorized into three subgroups as either positive, hesitant or negative towards the HPV-
vaccination.  
The effects of total completeness and time from the total intervention group on IDM, 
HPV-vaccination intention and HPV-vaccination uptake will be examined using multiple 
negative 
to 7 = very 
positive; 
  1 = very 
unimportant to 
7 = very 
important 
    
HPV-vaccination 
intention 
  1 = negative to 
7 = positive 
2 0.92 (r)  
 Are you planning on 
getting your 
daughter vaccinated 
against HPV? 
1 = definitely 
not to 7 = 
definitely yes 
    
 How big is the 
chance that you will 
get your daughter 
vaccinated? 
1 = very low to 
7 = very high 
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linear (i.e., the process of IDM, HPV-vaccination intention and continuous outcome of IDM) 
and logistic (i.e., the dichotomous outcome of IDM and HPV-vaccine uptake) regression 
analyses with the outcome at the post-test as the dependent variable (e.g. continuous outcome 
of IDM), and the outcome at baseline and completeness or time as the independent variables. 
Level of significance was established to be p < .01 (Bonferroni: 0.05 / 5 factors). Only HPV-
vaccination uptake had no baseline data, because none of the girls had been vaccinated at 
baseline. All analyses were conducted using Statistical Package for Social Sciences (version 
23). 
To confirm the effects of exposure, the complete case analyses were repeated using 
intention-to-treat (ITT). Using ITT lowers the risk of bias caused by possible selective drop-
outs while increasing power (Van Buuren, 2012). In order to deal with the missing data, 
multiple imputation by chained equations was applied (Van Buuren, 2012; White, Royston & 
Wood, 2011). A total of 15 imputed datasets were generated using the predictive mean 
matching algorithm in SPSS. The analysis results from these datasets were then pooled 
together using Rubin’s rules (Rubin, 1987). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Flow diagram of the recruitment and response of study participants.  
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Online panels sample, mothers 
(n= 2,483) 
Excluded  
(n=17): 
Invalid e-
mail 
address, 
error 
 
Analysed (n= 555) 
♦ Excluded from analysis (n= 
6): daughter’s year of birth is 
not 2002 (n = 6)  
Received invitation for follow-up 
(n = 557) 
Started follow-up n = 398 
Completed follow-up (n = 398) 
 
Allocated to intervention 
condition (n= 563)  
♦ Started baseline N = 563 
 
♦ Completed baseline n= 563 
 
Removed after having 
completed baseline (n= 6): male 
(n = 1), straight lining (n = 1), 
Incomplete data daughter (n = 
1), duplicate within panel (n= 3) 
Received invitation for follow-up 
(n = 592) 
Started follow-up n = 492 
Completed follow-up (n = 492) 
Allocated to control condition 
(n=  598) 
♦ Started baseline N = 598 
  
♦ Completed baseline n= 598 
 
Removed after having 
completed baseline (n= 6): 
straight lining (n = 1), 
incomplete data  
daughter (n = 1), duplicate 
within panel (n = 4) 
 
Analysed (n= 589) 
♦ Excluded from analysis (n 
= 7): daughter’s year of birth 
is not 2002 (n = 7) 
 
Allocation 
Analysis ITT 
Follow-Up 
Invited (n=2,466) 
Enrollment 
Analysed (n= 3,440) 
♦ Excluded from analysis 
(n=558): Male (n = 256), 
invalid age (n = 293), 
grandparents (n = 1), 
duplicate with panel sample 
(n = 3), language barrier (n = 
3) 
Analysed (n= 3,478) 
♦ Excluded from analysis 
(n=496): Male (n = 229), 
invalid age (n =261), 
grandparents (n = 2), 
duplicate with panel sample 
(n = 3), language barrier (n = 
1) 
 
Praeventis sample (n= 36,000). 
Dutch addresses of girls born in 
2002. 
Received invitation for follow-up 
(n = 3,629 
Started follow-up (n = 1,940) 
Completed follow up (n = 1,799) 
 
Received invitation for follow-up 
(n = 3,638 
Started follow-up (n = 2,170) 
Completed follow up (n= 1,989) 
 
Allocated to intervention 
condition (n = 3,992)  
♦ Started baseline (n = 3,992) 
 
♦ Completed baseline n = 3,714 
 
Discontinued intervention (n=  
84): signed off via telephone or 
e-mail (n = 19), other (n = 65) 
Allocated to control condition 
(n = 3,971) 
♦ Started baseline (n = 3,971) 
 
♦ Completed baseline n = 3,718 
 
Discontinued intervention: other  
(n=  84) 
Randomized/ informed 
consent (n= 7,963) 
 
Allocation 
Follow-Up 
Analysis ITT 
Randomized/ 
informed consent 
(n=1,161) 
Invited (n= 36,000).  
Visited website (n = 2,121) 
 
 
Visited website (n = 390) 
 
 
  Analysed  (N = 8,062)  
Analysis ITT 
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Results 
Sample description 
A total of 8,062 mothers participated in the final sample of this study, of which 3,995 
were randomly assigned to the intervention group. Table 2 describes the demographic 
characteristics of this sample. There were no significant differences found between the 
participants in the intervention and control condition on socio-demographic variables or 
outcome variables.  
The drop-out analyses showed that the mothers who dropped out differed from the 
mothers who completed the questionnaires. There was significantly more drop-out in the 
intervention condition compared to the control group and also more drop-out in the 
participants recruited via Praeventis (p >.05). Furthermore, there was significantly more drop-
out among mothers with a low educational level, positive attitude towards the vaccination, 
low self-efficacy and among mothers who were not born in the Netherlands (p >.05). 
 
Table 2. Sample description (N = 8,062) 
Variables 
 
Intervention  
(N = 3,995) 
Control  
(N = 4,067) 
Total 
(N = 8,062) 
Age 43.70 (4.27) 43.58 (4.22) 43.64 (4.25) 
Country of birth Nmissing = 4 Nmissing = 4 Nmissing  = 8 
      The Netherlands 93.1% 93.0% 93.0% 
      Other 6.9% 7.0% 7.0% 
Religion Nmissing  = 7 Nmissing  = 6 Nmissing  = 13 
      Protestant 18.9% 18.1% 18.5% 
      Not Protestant 81.1% 81.9% 81.5% 
Educational Level Nmissing = 4 Nmissing  = 3 Nmissing =7 
      Low 14.7% 13.3% 14.0% 
      Middle 45.5% 42.7% 43.1% 
      High 41.8% 44.0% 42.7% 
Notes. In case of missing values, the number of missing values (Nmissing) was presented. No 
significant differences were found between the intervention and control group (p >.05). 
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Exposure to the online tailored intervention 
Visits to the website. From the 3,995 mothers in the intervention group, a total of 
2,509 mothers (62.8%) had logged in on the online tailored intervention. Of those 2,509 
participants, 73.1% (N = 1833) logged in once, 19.9% (N = 499) logged in twice, 5.0% (N = 
125) logged in three times and 2.1% (N = 52) logged in four times or more. The average time 
these 2,509 participants spend logged in on the online tailored intervention was 21 minutes 
(SD = 12 minutes). See Table 3 for an overview of website visits from the intervention group. 
 
Table 3. The number website visits from the intervention group (N = 3,995). 
 
Times logged in N Percent Cumulative Percent 
1 1,833 73.1 73.1 
2 499 19.9 92.9 
3 125 5.0 97.9 
4 35 1.4 99.3 
5 10 .4 99.7 
6 4 .2 99.9 
7 1 .0 99.9 
8 2 .1 100 
Logged in 2,509 100  
Did not log in 1,486   
Total 3,995   
 
Completeness website. The mean total completeness of the online tailored 
intervention was 46.4% (SD = 24.2). Table 4 gives a description of the participants’ exposure 
to the different components of the online tailored intervention. Visited in-depth information is 
part of the total completeness of a component, but is depicted separately to give a better 
overall view of the participants’ interest in this information. When one or more of the links to 
more in-depth information has been clicked on, the in-depth information is marked as 
“visited”. 
Of the 2,509 participants that logged in at least once, a total of 2,239 visited at least 
one page of the components of the online tailored intervention. This means that 270 mothers 
(10.8%) from the 2,509 that visited the intervention, never saw any of the intervention’s 
content after they logged in. When participants logged in for the first time, they would get an 
introduction screen that gave them a brief explanation about the website. They were also 
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asked if they could see and hear the virtual assistant properly, before proceeding to the main 
menu. In the follow-up survey a total of 187 mothers (7.5%) indicated that they were unable 
to see and hear the virtual assistants, 116 mothers (4.6%) could see the virtual assistants but 
not hear them, and 17 mothers (0.6%) could hear the virtual assistants but could not see them. 
These technical difficulties could have resulted in losing 270 participants before they viewed 
the intervention’s content. 
The component that was visited most was “Ways to Protect Against Cervical Cancer” 
(88.0%; N= 1,971) followed by the component “Chance” (86.9%; N= 1,945). The least 
visited component was “Value Clarification” (13.1%; N= 293). The component that was 
completed the most was “General Information” (72.4%; N= 1,622). “Side Effects” and 
“Effectivity” were the least completed components (0.8%; N= 19). A small part of the 
participants (4.2 - 20.5%) visited in-depth information, like videos and links for extra 
information. 
 
Table 4. Intervention group participants exposure to different components of the online 
tailored HPV intervention (N= 2,239).  
Component 
 
Completed Partly 
visited 
Not 
visited 
Total Visited in-depth 
information 
General Information 
Number of participants 
Percentage 
 
1,622 
72.4% 
 
71 
3.2% 
 
546 
24.4% 
 
2,239 
100% 
 
N.A. 
N.A. 
Ways to Protect Against 
Cervical Cancer  
Number of participants 
Percentage 
 
 
130 
5.8% 
 
 
1,841 
82.2% 
 
 
268 
12.0% 
 
 
2,239 
100% 
 
 
N.A. 
N.A. 
Chance 
Number of participants 
Percentage 
 
135 
6.0% 
 
1,810 
80.9% 
 
294 
13.1% 
 
2,239 
100% 
 
142 
6.3% 
From HPV to Cervical 
Cancer 
Number of participants 
Percentage 
 
 
96 
4.3% 
 
 
1,110 
49.6% 
 
 
1,033 
46.1% 
 
 
2,239 
100% 
 
 
459 
20.5% 
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Age 
Number of participants 
Percentage 
 
154 
6.9% 
 
1,568 
70.0% 
 
517 
23.1% 
 
2,239 
100% 
 
160 
7.1% 
Side Effects 
Number of participants 
Percentage 
 
19 
0.8% 
 
1,686 
75.4% 
 
534 
23.8% 
 
2,239 
100% 
 
309 
13.8% 
Effectivity 
Number of participants 
Percentage 
 
19 
0.8% 
 
1,542 
68.9% 
 
678 
30.3% 
 
2,239 
100% 
 
195 
8.7% 
Other Mothers 
Number of participants 
Percentage 
 
1,099 
49.1% 
 
416 
18.6% 
 
724 
32.3% 
 
2,239 
100% 
 
N.A. 
N.A. 
Working Mechanisms 
Vaccination 
Number of participants 
Percentage 
 
 
94 
4.2% 
 
 
1,015 
45.3% 
 
 
1,130 
50.5% 
 
 
2,239 
100% 
 
 
94 
4.2% 
Facts and Stories 
Number of participants 
Percentage 
 
95 
4.2% 
 
1,220 
54.5% 
 
924 
41.3% 
 
2,239 
100% 
 
99 
4.4% 
Weighing Pros and Cons 
Number of participants 
Percentage 
 
615 
27.5% 
 
911 
40.7% 
 
713 
31.8% 
 
2,239 
100% 
 
N.A. 
N.A. 
Value Clarification 
Number of participants 
Percentage 
 
269 
12.0% 
 
24 
1.1% 
 
1,946 
86.9% 
 
2,239 
100% 
 
N.A. 
N.A. 
Practical Information 
Number of participants 
Percentage 
 
556 
24.8% 
 
1,147 
51.3% 
 
536 
23.9% 
 
2,239 
100% 
 
N.A. 
N.A. 
Notes. A component is considered ‘completed’, when the participant has visited every page of the 
component. ‘Partly visited’ means the participant has seen at least one, but not all pages. If none of 
the components pages have been viewed, it’s marked ‘not visited’. Visited in-depth information is 
also part of the total completeness, but is depicted separately to give a better overall view of the 
participants’ interest in this information. When one or more of the links to more in-depth information 
has been clicked on, the in-depth information is marked as “visited”. 
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Differences in exposure based on HPV-vaccination intention 
 Table 5 describes the differences between three intention groups (negative, hesitant, 
positive) in exposure to the components of the online tailored intervention. There were no 
significant differences between the intention groups regarding the total time they spent 
logged into the website, but results did show a significant difference in total completeness 
(F(2;2,238) = 7.565, p = .001). Mothers who were hesitating had a significantly higher total 
completeness (M = 48.8%, SD = 24.2) compared to the mothers with a negative (M = 44.7%, 
SD = 25.0, p <.05) or positive intention (M = 44.8%, SD = 23.5, p <.05) towards the HPV-
vaccination. Positive and negative mothers did not differ significantly in total completeness. 
Furthermore, differences between the intention groups were found regarding which 
components of the website they visited. Participants who were hesitant towards the HPV-
vaccination has seen significantly more of the component “From HPV to Cervical Cancer” 
(F(2;2,238) = 5.077, p = .006) with a mean completeness of 28.5% (SD = 29.7) compared to 
the participants with a negative (M = 24.6%, SD = 29.7, p <.05) or positive (M = 24.5%, SD 
= 26.9, p <.05) HPV-vaccination intention. Hesitating mothers also visited the component 
“Side Effects” significantly more (F(2;2,238) = 6.819, p = .001) with a mean completeness of 
61.7% (SD = 33.4) compared to mothers with a negative (M = 55.8%, SD = 35.7, p <.05) or 
positive (M = 56.8%, SD = 34.2, p <.05) intention. Furthermore, participants that were still 
hesitant visited the component “Practical Information” significantly more (F(2;2,238) = 
25.522, p < .001) with a mean completeness of 54.7% (SD = 39.0) compared to participants 
with a positive (M = 47.5%, SD = 39.8, p <.05) or negative intention (M = 40.0%, SD = 37.9, 
p <.05), while the positive intention group also visited this component significantly more than 
the negative intention group (p <.05). 
Significant differences were also found for the component “Chance” (F(2;2,238) = 
3.123, p = .044), which was visited significantly more by mothers that were hesitating (M = 
54.4%, SD = 31.7) compared to mother with a positive intention (M = 50.6%, SD = 30.8, p 
<.05). Another significant difference was found for the component “Effectivity” (F(2;2,238) 
= 8.786, p < .001), which was again visited significantly more by mothers that were 
hesitating (M = 35.2%, SD = 24.0) compared to mothers with a positive intention (M = 
30.2%, SD = 23.1, p <.05). The component “Other Mothers” also showed significant 
differences in completeness (F(2;2,238) = 6.251, p = .002) and was visited significantly more 
by hesitating participants (M = 61.9%, SD = 43.8) compared to participants with a positive 
intention (M = 54.3%, SD = 44.4, p <.05). Furthermore, a significant difference in 
completeness was found in the component “Working Mechanisms Vaccination” (F(2;2,238) 
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= 5.650, p = .004), which was visited significantly more by mothers who were hesitating (M 
= 29.2%, SD = 29.0) compared to mothers with a positive intention (M = 24.5%, SD = 27.5, 
p <.05). 
Lastly, a significant difference was found in the component “Value Clarification” 
(F(2;2,238) = 7.247, p = .001) which was visited significantly more by mothers with a 
negative intention (M = 16.5%, SD = 36.7)  compared to mothers with a positive intention (M 
= 9.5%, SD = 29.0, p <.05). 
 
Table 5. Mean percentage of completeness (SD) of different components of the online 
tailored HPV intervention, stratified by the participants’ HPV-vaccination intention (N = 
2,239). 
Component 
 
Negative 
intention 
Mean (SD) 
N = 560 
Hesitating 
intention 
Mean (SD) 
N = 943 
Positive 
intention 
Mean (SD) 
N = 736 
Total 
Mean (SD) 
 
N = 2,239 
Total website 44.7% (25.0)a 48.8% (24.2)ab 44.8% (23.5)b 46.4% (24.2) 
General Information 71.7% (44.4) 74.9% (42.3) 74.7% (42.6) 74.0% (42.9) 
Ways to Protect Against 
Cervical Cancer 
51.1% (25.4) 52.9% (23.8) 51.3% (23.5) 51.9% (24.1) 
Chance 51.7% (33.1) 54.4% (31.7)a 50.6% (30.8)a 52.5% (31.8) 
From HPV to Cervical 
Cancer 
24.6% (29.7)a 28.5% (29.7)ab 24.5% (26.9)b 26.2% (28.9) 
Age 49.0% (35.0) 54.4% (33.5) 51.0% (33.5) 51.9% (33.9) 
Side Effects 55.8% (35.7)a 61.7% (33.4)ab 56.8% (34.2)b 58.6% (34.4) 
Effectivity 33.1% (26.0) 35.2% (24.0)a 30.2% (23.1)a 33.1% (24.3) 
Other Mothers 57.8% (44.8) 61.9% (43.8)a 54.3% (44.4)a 58.4% (44.3) 
Working Mechanisms 
Vaccination 
26.1% (30.0) 29.2% (29.0)a 24.5% (27.5)a 26.9% (28.8) 
Facts and Stories 48.9% (46.7) 54.2% (46.1) 49.3% (46.7) 51.3% (46.5) 
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Weighing Pros/Cons 55.2% (40.5) 59.4% (42.5) 57.4% (44.9) 57.7% (42.8) 
Value Clarification 16.5% (36.7)a 12.6% (32.8) 9.5% (29.0)a 12.6% (32.8) 
Practical Information 40.0% (37.9)ac 54.7% (39.0)ab 47.5% (39.8)bc 48.7% (39.4) 
Total time in min 21 (12) 22 (12) 21 (13) 21 (12) 
Notes. a,b,c = ANOVA analyses showed a significant difference between the intention groups with  p 
< .05. SD = Standard Deviation. 
 
Effects of exposure on outcome measures 
 Table 6 gives an overview of the effects of exposure (i.e., completeness and total time 
spent on the online tailored intervention) on the primary and secondary outcomes. Effects 
were measured using the entire intervention group, including participants that did not log into 
the website. Significant positive effects were found of total percentage of completeness on all 
outcomes (p-values < .01). Furthermore, significant positive effects of total time were found 
on all measures of IDM (p-values < .01), but not on HPV-vaccination uptake or HPV-
vaccination intention (p-values > 0.01).  
Completeness had a significant positive effect on HPV-vaccination uptake (B = .001, 
p <.01), process of IDM (B = .012, p <.01), dichotomous IDM outcome (B = .015, p <.01), 
continuous IDM outcome (B = .096, p <.01) and vaccination intention (B = .005, p <.01). In 
other words, the higher the participants’ total completeness, the more likely they were to (1) 
get their daughter vaccinated against HPV, (2) make an informed decision regarding their 
daughter’s vaccination and (3) have a positive intention towards the HPV-vaccination.  
Time showed to have significant positive effects on process of IDM (B = .012, p 
<.01), dichotomous IDM outcome (B = .018, p <.01) and continuous IDM outcome (B = .100, 
p <.01). This means that the more time mothers spent on the online tailored intervention, the 
more likely they were to make an informed decision regarding their daughter’s HPV-
vaccination.  
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Table 6. Effects of exposure on primary and secondary outcomes (N = 3,995) 
Primary + secondary 
outcomes (scale) 
Pre-test 
Mean(SD) or 
Percentage (N) 
Follow-up 
Mean(SD) or 
Percentage (N) 
Completeness 
B (SE) 
Time  
B (SE) 
HPV-vaccination uptake   .001 (.000)* .001 (.001) 
Has received no HPV 
injection 
 26.7% (1,063)   
Has received one or two 
HPV-injections 
 73.3% (2,923)   
Process of IDM (1-7) 3.56 (1.40) 5.24 (1.24) .012 (.001)* .012 (.002)* 
IDM outcome: dichotomous   .015 (.002)* .018 (.004)* 
Informed 32.6% (1,301) 61.7% (1,327)   
Not informed 67.3% (2,687) 38.3% (822)   
IDM outcome: continuous 
(0-48) 
18.69 (11.21) 27.26 (12.19) .096 (.007)* .100 (.016)* 
Vaccination intention (1-7) 5.35 (1.69) 5.64 (1.87) .005 (.001)* .004 (.002) 
Notes. * p < .01 (Bonferroni: 0.05 / 5 factors) using regression analyses with the follow-up score as 
the dependent variable and the pre-test score together with either completeness or time as independent 
variables. IDM = Informed Decision Making; SD = Standard Deviation; B = Unstandardized 
coefficient; SE = Standard Error. Process of IDM scale ranges from 1 as a negative (low quality of the 
process of IDM) score to 7 as a positive score (high quality of the process of IDM). The scale of 
continuous IDM outcome ranges from 0 (not/least informed decision) to 48 (most informed decision). 
The vaccination intention scale ranged from 1 as a negative intention to 7 as a positive intention 
towards the HPV-vaccination. 
Table 7 describes the effects of completeness and time on the primary and secondary 
outcomes using ITT. Results found by complete case analyses were confirmed by the ITT 
analyses, which showed significant positive effects of completeness on all outcomes. Total 
amount of time spent on the online tailored intervention also still showed significant positive 
effects on all three measures of IDM. Additionally, the total amount of time had a significant 
positive effect on HPV-vaccination intention in the ITT analyses (B = .005, p <.01), meaning 
that the more time mothers spent on the online tailored intervention, the more likely they 
were to have a positive intention towards the HPV-vaccination. 
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Table 7. Effects of exposure on primary and secondary outcomes, intention-to-treat (N = 
3,995) 
Primary + secondary 
outcomes (scale) 
Pre-test 
Mean(SD) or 
Percentage 
(N) 
Follow-up 
Mean(SD) or 
Percentage (N) 
Completeness 
B (SE) 
Time  
B (SE) 
HPV-vaccination uptake   .001 (.000)* .001 (.001) 
Has received no HPV 
injection 
 26.7% (1,066)   
Has received one or two 
HPV-injections 
 73.3% (2,929)   
Process of IDM (1-7) 3.56 (1.40) 5.11 (1.28) .012 (.001)* .015 (.002)* 
IDM outcome: dichotomous   .015 (.001)* .021 (.003)* 
Informed 32.7% (1306) 57.5% (2296)   
Not informed 67.3% (2689) 42.5% (1699)   
IDM outcome: continuous 
(0-48) 
18.69 (11.21) 25.85 (12.30) .094 (.006)* .122 (.013)* 
Vaccination intention (1-7) 5.35 (1.69) 5.59 (1.87) .005 (.001)* .005 (.002)* 
Notes. * p < .01 (Bonferroni: 0.05 / 5 factors) using regression analyses with the follow-up score as 
the dependent variable and the pre-test score together with either completeness or time as independent 
variables. IDM = Informed Decision Making; SD = Standard Deviation; B = Unstandardized 
coefficient; SE = Standard Error. Process of IDM scale ranges from 1 as a negative (low quality of the 
process of IDM) score to 7 as a positive score (high quality of the process of IDM). The scale of 
continuous IDM outcome ranges from 0 (not/least informed decision) to 48 (most informed decision). 
The vaccination intention scale ranged from 1 as a negative intention to 7 as a positive intention 
towards the HPV-vaccination. 
Discussion 
This study addressed the process evaluation of an online tailored intervention to 
increase HPV-vaccination uptake and informed decision making among mothers of invited 
girls.  
Positive effects of exposure 
Completeness had positive effects on IDM, HPV-vaccination intention and HPV-
vaccination uptake, meaning that the higher rate of completeness a participant had, the more 
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likely they were to make a better informed decision, develop a more positive intention 
towards the HPV-vaccination and to have their daughter get the HPV-vaccination. An 
explanation for this could be that when mothers look at a lot of different components, they 
are exposed to more behavior changing strategies of the online tailored intervention. This 
finding suggests that higher exposure to the intervention increases the main goal, namely 
increasing HPV-uptake, and therefore it is essential to increase exposure as much as possible. 
Furthermore, the positive effects of exposure suggest the online tailored intervention is 
indeed effective in improving HPV-uptake, IDM and HPV-vaccination intention, therefore 
marking the intervention successful in achieving its goals. 
The total amount of time spent on the online tailored intervention also had a positive 
effect in increasing IDM, which can be related to the fact that it takes more time to visit all 
the intervention components in order to achieve a higher completeness. However, this does 
not explain why time did not have a significant effect on HPV-vaccination uptake or why the 
hesitating mothers did not spend more time on the intervention, while their mean 
completeness was higher. A reason could be that time wasn’t measured accurately enough in 
this study. Since we only subtracted the earliest log-in time from the latest log-in time, people 
could have walked away from their computers in the meantime instead of processing 
information on the website. Time may therefore be a less appropriate measurement for 
exposure to internet-delivered health interventions. 
Measured exposure to the intervention 
From the 3,995 mothers in the intervention group, a total of 2,509 mothers (62.8%) 
logged into the online tailored intervention. Of those 2,509 participants, most (73.1%) logged 
in once, but a total of 2,239 participants visited at least one page of the components of the 
online tailored intervention. This means that 270 mothers (10.8%) from the 2,509 that visited 
the intervention, never saw any of the intervention’s content after they logged in. This is most 
likely due to technical difficulties, according to the follow-up survey. 
The 2,239 participants that visited the online tailored intervention’s content spent an 
average of 21 minutes (SD= 12) logged in. Unfortunately, many other comparable studies 
using online tailored feedback did not report the total time their participants spent on their 
intervention. Compared to a review of other internet-delivered healthy lifestyle promotion 
interventions with interactive behavior change strategies, a mean of 21 minutes is quite long, 
considering the mean duration of visits of these similar interventions varied from less than 10 
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minutes to 10-20 minutes (Brouwer et al., 2011). This difference in exposure time can be 
explained by specific features of the intervention. Participants of the online tailored 
intervention often had to wait for the doctor-like virtual assistant to deliver the spoken 
tailored feedback, before they could proceed to read the written tailored feedback. In the 
earlier pre-tests of the intervention, spoken and written feedback was presented 
simultaneously. However, mothers indicated that they experienced difficulties listening to the 
virtual assistant, because they tried to read and listen at the same time. Therefore, the current 
version of the online tailored intervention only shows the written feedback after the virtual 
assistant is done providing tailored feedback, possibly explaining the relatively long duration 
of visits. Even though the interventions that were included in the review did contain 
interactive elements like tailored feedback or goal setting tools, none of them made use of a 
virtual assistant to deliver spoken feedback, making this a key difference. Furthermore, a 
study evaluating a tailored interactive computer-delivered intervention to promote colorectal 
cancer screening reported that their intervention group spent an average of 23 minutes 
viewing the program (Vernon et al., 2011), therefore having a similar average to this study. 
This intervention did not include virtual assistants, but applied multiple narrative video 
vignettes that contained informational, role modeling and narrative segments. Although the 
duration of the videos is not described, it could very well explain the average time of 23 
minutes. When participants have to wait for a video to end, or a virtual assistant to deliver 
spoken feedback, the intervention will take up more time in comparison to interventions that 
only present written feedback. This means that time comparisons might not be the best 
method to compare exposure between online interventions. 
In the average of 21 minutes the mothers spent online, they had a mean total website 
completeness of 46.4%. Again, many other comparable studies did not report anything on 
total completeness or website use, making it hard to draw solid conclusions. An online 
prostate cancer screening decision aid reported a completeness of 71.4% (N = 69) of their 
intervention group (Watts et al., 2014), but they had divided their online tailored information 
in “requested reading” and “optional reading”. When looking at the total completeness, 
including optional reading, they reached a similar mean of 49.1%. This suggests that it might 
be more effective to point out the most important information to reach higher levels of 
completion. We have purposefully chosen not to do so in this online tailored intervention, 
because we found we could not objectively point out which components were most important, 
since every mother has different needs and will consider different information as the most 
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important. This is also the reason that additional in-depth information is part of the total 
completeness. Therefore, comparing completeness between online interventions will be most 
useful when every component of the intervention is considered of equal importance.  
During their time logged in, participants could choose to visit components that 
seemed relevant to them, while being guided by a virtual assistant. Mothers showed the most 
interest in the topics “Ways to Protect Against Cervical Cancer” (visited by 88.0%) and 
“Chance” (visited by 86.9%), indicating that mothers are most interested in the chances their 
daughters have on getting infected with HPV and developing cervical cancer as a result (as 
described in “Chance”) and that mothers are interested to learn if they can do anything else to 
protect their daughter next to getting the HPV-vaccination (as described in “Ways to Protect 
Against Cervical Cancer”). The least visited components was “Values Clarification” (visited 
by 13.1%). The few visits to the value clarification tool could be related to the fact that it was 
not visible enough, because it could only be accessed after clicking on “Weighing Pros/Cons”. 
The component that was completed the most was “General Information” (completed 
by 72.4%). This could be explained because this component had a bigger icon in the middle 
of the other component icons (see Figure 1), which made it stand out more. Another 
explanation is that the virtual assistant recommended to start with this component when 
mothers first visited the main menu. “Side Effects” and “Effectivity” were the least 
completed components (both completed by 0.8%), although they were definitely not the least 
visited components, with “Side Effects” being visited by a total of 76.2% and “Effectivity” 
being visited by 69.7% of the participants that logged in. The low completion rate could be 
explained by the fact that these two components contained the most links to in-depth 
information (three in total) compared to the other components. Since only a small portion of 
participants (4.2 - 20.5%) visited in-depth information on the online tailored intervention, it is 
likely that most participants did not click on all of the components’ links to more studies or 
videos. This can be explained because the in-depth information was presented as optional, 
making it easy for participants to skip this extra information and therefore not completing the 
component. 
Differences in exposure based on baseline intention 
This study also evaluated the differences in exposure between mothers with a positive 
intention, mothers with a negative intention and mothers who were still hesitating whether to 
get the HPV-vaccination or not. Although these three intention groups did not differ in the 
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total time they spent on the online tailored intervention, mothers who were hesitating did 
have a significantly higher total completeness compared to the mothers in the positive or 
negative intention group. This means that mothers who were hesitating visited more 
components in the same amount of time compared to mothers who were positive or negative 
towards the HPV-vaccine. Furthermore, mothers from different intention groups showed 
varied interest in specific components. Participants who were still hesitant towards the HPV-
vaccination had seen significantly more of the components “From HPV to Cervical Cancer”, 
“Side Effects” and “Practical Information compared to the negative and positive intention 
group. Significant differences were also found for the components “Chance”, “Effectivity”, 
“Other Mothers” and “Working Mechanisms Vaccination”. These four components were all 
visited significantly more by the hesitating group compared to the group with a positive 
HPV-vaccination intention. Overall, hesitating mothers got significantly more exposure to the 
total intervention compared to mothers who were positive or negative towards the HPV-
vaccine. An explanation could be that hesitating mothers experienced more decisional 
conflict, a factor that is strongly related to IDM, because one of the factors contributing to 
decisional conflict is feeling uninformed (O’Conner et al., 2002). Reduced decisional conflict 
is thus related to a more informed decision. This study did not include decisional conflict as 
an outcome measure, but the results of the outcome evaluation of this study (Pot et al., under 
review) showed that the intervention had more positive effects on decisional conflict for 
mothers who were hesitating. This means that hesitating mothers might have a higher 
completeness in order to reduce the decisional conflict they felt. 
The exposure of mothers with a negative intention differed from that of mothers with 
a positive intention in only two components. “Values Clarification” (which targeted the 
determinants attitude and ambivalence) was visited significantly more by mothers with a 
negative intention compared to mothers with a positive intention. “Practical Information” was 
visited more by mothers with a positive intention than mothers with a negative intention. 
It makes sense that “Practical Information” was visited more by participants who were 
hesitating or intended to get the vaccination, compared to the participants who did not intent 
their daughter to get vaccinated, since it provided the user with information on where to get 
the HPV-vaccination. Mothers with a negative intention towards the vaccine would have less 
interest in where to get the vaccination, since they are not planning on getting their daughter 
vaccinated. The fact that the negative intention group showed significantly more interest in 
the value clarification tool compared to the two other groups could be explained because this 
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tool allowed them to add their own personal arguments for not wanting to vaccinate their 
daughter which the online tailored intervention had not mentioned. These personal arguments 
were often of an emotional nature, like having a ‘gut-feeling’ the HPV-vaccination is 
dangerous or unhealthy for their daughter. This suggests there is still some distrust towards 
the vaccination, despite all the arguments the intervention provides to ensure its effectiveness. 
Effects of design on exposure 
Tailoring was the most important behavior changing strategy of the online tailored 
intervention. The intervention saw to fit the needs of different mothers not only by providing 
them with tailored feedback, but also by offering multiple components and letting mothers 
choose which components to visit. The intervention used a combination between freedom-of-
choice and tunnel design, meaning that the participants were free to choose whichever 
component sparked their interest (freedom-of-choice), but that they were guided with a step-
by-step flow through the content after they had clicked on this component (Danaher, McKay 
& Seeley, 2005). So after they entered a component, the mothers’ navigation was limited by 
buttons with ‘next’ and ‘prior’ and they had to finish the component in order to get back to 
the main menu screen. This tunneled design has already been proven effective in increasing 
completeness, gained knowledge and time spend on the intervention in comparison with 
freedom-of-choice interventions (Brendryen, Johansen, Nesvag, Kok & Duckert, 2013; 
Crutzen, Cyr & De Vries, 2012). The disadvantage of a tunneled design, however, is that the 
lower degree of autonomy can be frustrating for the participant, which may lead to drop out. 
The combination with freedom-of-choice provides the participants with more sense of 
autonomy, while still making use of the benefits of the tunneled design. This suggests that the 
design of the intervention increased the total exposure, and therefore enhanced the effects of 
the intervention.   
Recommendations for future research 
Studies have already indicated that higher exposure to internet-delivered interventions 
may contribute to improved intervention efficacy and outcomes (Brouwer et al., 2011; 
Christensen, Griffiths & Korten, 2002; Danaher, Boles, Akers, Gordon & Severson, 2006). 
Therefore, it makes sense that spending more time on the online tailored intervention and 
having a higher rate of completeness has a positive effect on the intervention outcomes. 
However, comparing the effects of exposure between different studies proves to be difficult, 
since there is no universally accepted way to measure objective exposure (Danaher et al., 
2006). One of the most commonly used exposure outcome measure is frequency of visits by 
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means of log-in rates, but the data is not consistent because studies tend to use different 
statistics (Brouwer, 2011). There is a large variety and little consistency in reported exposure 
measures and many studies do not report exposure measure data at all. Therefore, it is 
important that these measures are standardized in order to be able to compare and evaluate 
different studies. Since many comparable online tailored intervention programs did not 
include a process evaluation or any information at all concerning website use, it is hard to 
figure out what distinguishes the effective from the less effective interventions. Future studies 
should therefore be encouraged to include a process evaluation with (standardized) exposure 
data. Since this study shows that exposure plays an important role in achieving the 
intervention effects, future studies should also take measures to increase exposure as much as 
possible, for example by using a freedom-of-choice design in combination with a tunneled 
design. Further research into enhancing exposure to internet delivered interventions is highly 
recommended. 
Strengths and limitations 
One of the notable strengths of this study is its large sample size (N = 8,062) and the 
applied randomized controlled design. Also, HPV-vaccination uptake was measured by using 
data from the Praeventis Register (the National Immunization Register), which is more 
objective and reliable than self-reported vaccination uptake. Furthermore, multiple measures 
of IDM were taken into consideration, analyzing both the outcome and the process of IDM. 
The results were consistent in all forms of IDM, confirming the effects of exposure on IDM. 
Furthermore, we confirmed the initial results using ITT analyses, which even suggested that 
exposure time may also have a positive effect on vaccination intention, next to its effect on 
IDM. This indicates that the results from this study are sound. 
Overall, this intervention is quite unique, firstly because such an online tailored 
intervention promoting HPV-vaccination does not yet exist, and secondly because it reports 
extensive data regarding exposure to the intervention. Pot et al. (under review) also describes 
the rationale behind the online tailored intervention. This extensive form of reporting makes 
it possible to evaluate the intervention on a deeper level and to analyze the underlying factors 
that increase intervention effectiveness. 
However, this study’s unique character also makes it difficult to make comparisons to 
others studies, since there are no studies with enough similarity to draw solid conclusions. 
Apart from that, the measurement of time was not entirely reliable, since the total logged in 
time was measure by subtracting the earliest time from the latest time a website component 
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was visited. Because of this, there is no way to be sure if the calculated total time was really 
spent viewing the website, or if the participants took breaks in between. There was also no 
separate time measure for the individual components, only total amount of time spent on the 
website, so differences in exposure between components could not be assessed by comparing 
time. 
Conclusion 
The findings of this process evaluation showed that exposure to the online tailored 
intervention has a positive effect on HPV-vaccination uptake, as well as HPV-vaccination 
intention and IDM. It also showed that mothers who are hesitant towards the HPV-
vaccination had significantly more exposure to the online tailored intervention than mothers 
with a positive or negative intention towards the HPV-vaccination. Since exposure has 
proven to be a key factor in improving intervention outcomes, more research is needed to 
assess and enhance exposure to online health interventions. This starts with more accurate 
and consistent description of intervention content and exposure outcomes. Standardized 
measures to objectively measure exposure should be implemented to enable comparisons 
between online interventions in order to gain insight in effective components and intervention 
strategies. This will enable the development of more effective interventions in the future, that 
do not only focus on intervention content, but also take measures to improve exposure in 
order to optimize intervention outcomes. 
  
39 
 
References 
 
Atkinson, R. K. (2002). Optimizing learning from examples using animated pedagogical 
agents. Journal of Educational Psychology, 94, 416–427. 
Bartholomew, L. K., Parcel, G. S., Kok, G., Gottlieb, N. H. & Fernández, M. E. (2016). 
Planning health promotion programs: An intervention mapping approach, 4th edition. 
San Francisco, CA: Jossey-Bass. 
Baylor, A. L. & Kim, Y. (2004). Pedagogical agent design: the impact of agent realism, 
gender, ethnicity, and instructional role. In J. C. Lester, R. M. Vicari, F. Paraguaçu 
(Eds.), Lecture Notes in Computer Science: Vol. 3220. Intelligent Tutoring Systems (pp. 
592–603). Berlin, Germany: Springer. 
Baylor, A. L. (2009). Promoting motivation with virtual agents and avatars: Role of visual 
presence and appearance. Philos Trans R Soc Lond B Biol Sci, 364, 3559–3565. 
Beun, R. J., De Vos, E. & Witteman, C. (2003). Embodied conversational agents: Effects on 
memory performance and anthropomorphisation. In Rist, T., Aylett, R. S., Ballin, D. & 
Rickel, J. (Eds.), Lecture Notes in Computer Science: Vol. 2792. Embodied 
Conversational Agents: Intelligent Virtual Agents (pp. 315–319). Berlin, Germany: 
Springer-Verlag. 
Blanson Henkemans, O. A., Rogers, W. A., Fisk, A. D., Neerincx, M. A., Lindenberg, J. & 
Van der Mast, C. A. P. G. (2008). Usability of an adaptive computer assistant that 
improves self-care and health literacy of older adults. Methods of Information Medicine, 
47, 82-88.  
Blanson Henkemans, O. A., Van der Boog, P. J. M., Lindenberg, J., Van der Mast, C. A. P. 
G., Neerincx, M. A. & Zwetsloot-Schonk, J. H. M. (2009). An online lifestyle diary 
with a persuasive computer assistant providing feedback on self-management. 
Technology and Health Care Special Issue “Smart environments: technology to 
support healthcare”, 17, 253-267. 
Braspenning, J., Tacken, M., Penders, A., Van den Hoogen, H. & De Bakker, D. (2001). 
Opkomst bevolkingsonderzoek baarmoederhalskanker, 1997-1999. TSG, 6, 341-345.   
Brendryen, H., Johansen, A., Nesvag, S., Kok, G. & Duckert, F. (2013). Constructing a 
theory- and evidence-based treatment rationale for complex eHealth interventions: 
development of an online alcohol intervention using an intervention mapping approach. 
JMIR Res. Protocol., 2(1), e6. 
40 
 
Brouwer, W., Kroeze, W., Crutzen, R., de Nooijer, J., de Vries, N. K., Brug, J. & Oenema, A. 
(2011). Which Intervention Characteristics are Related to More Exposure to Internet-
Delivered Healthy Lifestyle Promotion Interventions? A Systematic Review 
J Med Internet Res, 13(1), e2. 
Brug, J., Oenema, A. & Campbell, M. (2003). Past, present, and future of computer-tailored 
nutrition education. The American Journal of Clinical Nutrition,77,1028-1034. 
Carroll, C., Patterson, M., Wood, S., Booth, A., Rick, J. Balain, S. (2007). A conceptual 
framework for implementation fidelity. Implementation Science, 2. DOI: 10.1186/1748-
5908-2-40. 
Christensen, H., Griffiths, K. M. & Korten, A. (2002). Web-based Cognitive Behavior 
Therapy: Analysis of Site Usage and Changes in Depression and Anxiety Scores. J Med 
Internet Res, 4(1), e3. 
Craig, P., Dieppe, P., Macintyre, S., Michie, S., Nazareth, I. & Petticrew, M. (2008). 
Developing and evaluating complex interventions: the new Medical Research Council 
guidance. British Medical Journal, 337. http://dx.doi.org/10.1136/bmj.a1655 
Crutzen, R., Cyr, D. & De Vries, N. K. (2012). The role of user control in adherence to and 
knowledge gained from a website: randomized comparison between a tunneled version 
and a freedom-of-choice version. J Med Internet Res, 14, e45. 
Danaher, B. G., McKay, H. G. & Seeley, J. R. (2005). The information architecture of 
behavior change websites. J Med Internet Res, 7, e12. 
Danaher, B. G., Boles, S. M., Akers, L., Gordon, J. S. & Severson, H. H. (2006). Defining 
Participant Exposure Measures in Web-Based Health Behavior Change Programs. J 
Med Internet Res, 8(3), e15. 
Durantini, M. R., Albarracin, D., Mitchell, A. L., Earl, A. N. & Gillette, J. C. (2006). 
Conceptualizing the influence of social agents of behavior change: A meta-analysis of 
the effectiveness of HIV-prevention interventionists for different groups. Psychol Bull, 
132(2), 212-248. 
Gezondheidsraad (2008). Vaccinatie tegen baarmoederhalskanker. Den Haag: 
Gezondheidsraad. Retrieved from: 
http://gezondheidsraad.nl/sites/default/files/200808.pdf 
Hopfer, S. (2012). Effects of a narrative HPV vaccination intervention aimed at reaching 
college women: a randomized controlled trial. Prev Sci, 13(2), 173–182. 
41 
 
Jin, S. A. (2010). The effects of incorporating a virtual agent in a computer-aided test 
designed for stress management education: the mediating role of enjoyment. Comput 
Human Behav, 26, 443-451. 
Krebs, P., Prochaska, J. O. & Rossi, J. S. (2010). A meta-analysis of computer-tailored 
interventions for health behavior change. Preventive Medicine, 51, 214-221. 
Kreuter, M. W. & Skinner, C. S. (2000). Tailoring: What’s in a name? Health Education 
Research,15, 1-4. 
Mackay, J., Schulz, P., Rubinelli, S. & Pithers, A. (2007). Online patient education and risk 
assessment: project opera from cancerbackup: putting inherited breast cancer risk 
information into context using argumentation theory. Patient Educ Couns, 67, 261–6. 
Marteau, T. M., Dormandy, E. & Michie, S. (2001). A measure of informed choice. Health 
Expectations, 4(2), 99-108.  
Michie, S., Dormandy, E. & Marteau, T. A. (2002). The multi-dimensional measure of 
informed choice: a validation study. Patient Educ Couns, 48, 87–91. 
Miller, W. R. & Rollnick, S. (2002). Motivational interviewing: Preparing people for change 
(2nd edition). New York: The Guilford Press; 2002. ISBN: 9781572305632 
Moore, G., Audrey, S., Barker, M., Bond, L., Bonell, C., Cooper, C., (…) & Baird, J. (2014). 
Process evaluation in complex public health intervention studies: the need for guidance. 
Journal of Epidemiology and Community Health, 68(2), 101-102. 
Neville, L. M., O’Hara, B., Milat, A. J. (2009). Computer-tailored dietary behaviour change 
interventions: a systematic review. Health Educ Res, 24(4), 699-720. 
Noar, S. M., Benac, C. N., Harris, M. S. (2007). Does tailoring matter? Meta-analytic review 
of tailored print health behavior change interventions. Psychol Bull, 133(4), 673-693. 
O׳Connor, A. & O׳Brien-Pallas, L. L. (1989). Decisional conflict. In G. K. Mcfarlane & E. A. 
Mcfarlane (Eds.), Nursing Diagnosis and Intervention, (p.p. 486–496). Toronto: Mosby. 
O’Connor A. M., Jacobsen M. J. & Stacey D. (2002). An evidence-based approach to 
managing women’s decisional conflict. J. Obstet. Gynecol. Neonatal Nurs, 31, 570-581. 
Or, C. & Tao, D. (2012). Usability Study of a Computer-Based Self-Management System for 
Older Adults with Chronic Diseases. JMIR research protocols, 1 (2), 1-16. 
Parkin D. M. (2006). The global health burden of infection-associated cancers in the year 
2002. Int J Cancer, 118(12), 3030-44. 
Paulussen, T. G., Lanting, C. I., Buijs, G. B., & Hirasing, R. A. (2000). Ouders over het 
Rijksvaccinatieprogramma. Tevredenheid en vaccinatiebereidbeid van ouders van 
jonge kinderen in Nederland (TNO Report 18.125). 
42 
 
Paulussen, T. G. W., Hoekstra, F., Lanting, C.I., Buijs, G.B. & Hirasing, R.A. (2006). 
Determinants of Dutch parents' decisions to vaccinate their child. Vaccine, 24(5), 644–
651. 
Petty, R. E. & Cacioppy, J. T. (1981). Attitudes and persuasion: Classic and contemporary 
approaches. Dubuque: Brown. 
Pot, M., Paulussen, T.W.G.M., Ruiter, R.A.C., Eekhout, I., De Melker, H.E., Spoelstra, M., 
Van Keulen, H.M. (2017). Effectiveness of an interactive web-based tailored 
intervention promoting the acceptability of HPV-vaccination among mothers of invited 
girls: Randomized Controlled Trial. Not yet published. 
Pot, M., Ruiter, R. A. C., Paulussen, T. W. G. M., Heuvelink, A., De Melker, H. E., Van 
Vliet, H. J. A. & Van Keulen, H. M. (2017). Developing an Interactive Web-based 
Tailored Intervention with Virtual Assistants Promoting HPV-vaccination Acceptability 
among Mothers of Invited Girls using Intervention Mapping. Not yet published. 
Reinwand, D., Crutzen, R., Kienhuis, A., Talhout, R., & De Vries, H. (2017). Website use 
and effects of online information about tobacco additives among the Dutch general 
population: a randomized controlled trial. Journal of Medical Internet Research, 19, 
e60. 
Resnicow, K., Davis, R. E., Zhang, G., Konkel, J., Strecher, V. J., Shaikh, A. R., Tolsma, D., 
Calvi, J., Alexander, G., Anderson, J. P. & Wiese, C. (2008). Tailoring a fruit and 
vegetable intervention on novel motivational constructs: results of a randomized study. 
Ann Behav Med Discipline, 35, 159-169. 
Rosenberg-Kima, R., Baylor, A. L., Plant, E. A. & Doerr, C. (2007). The importance of 
interface agent visual presence: voice alone is less effective in impacting young 
women's attitudes toward engineering. Persuasive, 4744, 214–222. 
Rubin, D. B. (1987). Multiple Imputation for Nonresponse in Surveys. New York: Wiley. 
ISBN: 9780470316696 
Ruiter, R. A., Kessels, L. T., Jansma, B. M., & Brug, J. (2006). Increased attention for 
computer-tailored health communications: An event-related potential study. Health 
Psychology, 25, 300-306. 
Sepucha, K. R., Borkhoff C. M., Lally, J., Levin, C. A., Matlock, D. D., Ng, C. J. (…) & 
Thomson, R. (2013). Establishing the effectiveness of patient decision aids: key 
constructs and measurement instruments. BMC Medical Informatics and Decision 
Making 2013, 13(2), 1-11. 
43 
 
Stalmeier, P. F. M., Roosmalen M. S., Verhoef, L. C. G., Hoekstra-Weebers, J. E. H. M., 
Oosterwijk, J. C., Moog, U., (…) & Daal, W. A. J. (2005). The decision evaluation 
scales. Patient Education and Counseling, 57, 286–293.  
Van Agt, H. M., Schoonen, H. M., Fracheboud, J., & De Koning, H. J. (2012). Monitor 
geïnformeerde besluitvorming prenatale screening 2011 landelijke en regionale 
uitkomsten (Erasmus MC, Maatschappelijke Gezondheidszorg Report).  
Van Buuren, S. (2012). Flexible Imputation of Missing Data. Chapman, Hall/CRC, Boca 
Raton, FL. 
Van der Pal, S., Otten, W. & Detmar, S. (2010). Evaluatie van de voorlichting aan ouders 
over de hielprik. Tijdschrift voor Gezondheidswetenschappen, 88, 449-453. 
Van Keulen, H. M., Fekkes, M. & Paulussen, T. G. W. M. (2010). Factsheet 
Tevredenheidsonderzoek HPV-vaccinatie campagne 2010. Leiden: TNO Kwaliteit van 
Leven 
Van Keulen, H. M., Otten, W., Ruiter, R. A. C., Fekkes, M., Van Steenbergen, J., Dusseldorp, 
E., & Paulussen, T. W. G. M. (2013). Determinants of HPV vaccination intentions 
among Dutch girls and their mothers: A cross-sectional study. BMC Public Health, 
13:111. 
Van Lier E. A., Oomen P. J., Giesbers H., Van Vliet J. A., Drijfhout I. H., Zonnenberg-Hoff I. 
F., De Melker H. E. Vaccinatiegraad Rijksvaccinatieprogramma Nederland: verslagjaar 
2016 
http://www.rivm.nl/Documenten_en_publicaties/Wetenschappelijk/Rapporten/2016/jun
i/Vaccinatiegraad_Rijksvaccinatieprogramma_Nederland_Verslagjaar_2016; 2016 
[accessed 04.07.2016]. 
Van Vugt, H.C. (2008). Embodied Agents from a User's Perspective. (Unpublished doctoral 
dissertation). Vrije Universiteit, Amsterdam. 
Vernon, S., Bartholomew, L., McQueen, A., Bettencourt, J., Greisinger, A., Coan, S., Lairson, 
D. ; Chan, W., Hawley, S. & Myers, R. (2011). A Randomized Controlled Trial of a 
Tailored Interactive Computer-Delivered Intervention to Promote Colorectal Cancer 
Screening: Sometimes More is Just the Same. Annals of Behavioral Medicine, 41(3), 
284-299. 
Watts, K. J., Meiser, B., Wakefield, C. E., Barratt, A. L., Howard, K., Cheah, B. C., Mann, G. 
J., Lobb, E. A., Gaff, C. L., Patel, M. I. & Kazak, A. E. (2014). Online Prostate Cancer 
Screening Decision Aid for At-Risk Men: A Randomized Trial. Health Psychology, 
33(9), 986-997. 
44 
 
White, I. R., Royston, P., Wood, A. M. (2012). Multiple imputation using chained equations: 
Issues and guidance for practice. Stat Med, 30, 377-99. 
